The prevalence of overweight and obesity has increased among children and adolescents, as well as among adults, and television viewing has been suggested as one cause. Playing digital games (video, computer and console games), or using computer may be other sedentary behaviors related to the development of overweight and obesity. OBJECTIVE: To study the relationships of times spent on viewing television, playing digital games and using computer to overweight among Finnish adolescents. DESIGN: Mailed cross-sectional survey. SUBJECTS: Nationally representative samples of 14-, 16-, and 18-y-old (N ¼ 6515, response rate 70%) in 2001. METHODS: Overweight and obesity were assessed by body mass index (BMI). The respondents reported times spent daily on viewing television, playing digital games (video, computer and console games) and using computer (for e-mail, writing and surfing). Data on timing of biological maturation, intensity of weekly physical activity and family's socio economic status were taken into account in the statistical analyses. RESULTS: Increased times spent on viewing television and using computer were associated with increased prevalence of overweight (obesity inclusive) among girls: compared to girls viewing television o1 h daily, the adjusted odds ratio (OR) for being overweight was 1.4 when spending 1-3 h, and 2.0 when spending Z4 h daily on viewing television. In girls using computer Z1 h daily, the OR for being overweight was 1.5 compared to girls using computer o1 h daily. The results were similar in boys, although not statistically significant. Time spent on playing digital games was not associated with overweight. CONCLUSION: Overweight was associated with using information and communication technology (ICT), but only with certain forms of ICT. Increased use of ICT may be one factor explaining the increased prevalence of overweight and obesity at the population level, at least in girls. Playing digital games was not related to overweight, perhaps by virtue of game playing being less sedentary or related to a different lifestyle than viewing television and using computer. 
Introduction
Adolescence represents a sensitive period in the development of obesity, 1 and obesity in adolescence is known to track into adulthood 2, 3 and be associated with several health problems. 2, 4, 5 The origin of obesity is complex and influenced by genetic and environmental factors. 6 As the prevalence of childhood and adolescence obesity has increased in most parts of the world, 7, 8 we need to consider factors behind this development. One of them may be the increased use of information and communication technology, particularly television, digital games (video, computer and console games) and computers. In Finland, the average time spent on viewing television daily has increased from 1.9 to 2.4 h among 10-to 14-y-olds, and from 1.8 to 2.2 h among 15-to 24-y-olds from the end of the 1980s to 1999-2000, 9 and the average time spent on using computer daily has increased from 12 to 47 min among 10-to 14-y-olds and from 3 to 27 min among the older age group. 9 In simple terms, obesity results from an imbalance between the intake and the expenditure of energy. There are several mechanisms to explain how information and communication technology can influence this imbalance. Viewing television, using computer and playing digital games are mainly low-energy activities. In addition, they compete for the same time resource as physical activity and other non sedentary activities. 10 However, playing digital games and using computer are interactive, and may differ from viewing television in their effect on energy intake on two accounts: they do not leave hands free for eating, and they do not show food advertisements, the latter meaning that a trigger for providing oneself with snacks is absent. Several earlier studies have demonstrated that television viewing is associated with childhood and adolescent obesity. [11] [12] [13] [14] [15] [16] [17] However, not all studies to date have noted the same relationship. The methodological limitations and cultural characteristics of the study populations may explain why some studies have failed to show any relationship [18] [19] [20] or have produced inconsistent results, varying, for example, by sex, age and ethnicity. [21] [22] [23] [24] [25] [26] [27] To our knowledge, there are no published results on the association of computer usage with obesity in the adolescent population, but, in a couple of studies, the effects of the frequency of and time spent on playing digital games on obesity have been assessed, with varying and inconsistent results. 15, 22, [27] [28] [29] Our aim was to study whether the time spent on viewing television, playing digital games and using computer is associated with overweight and obesity among 14-to 18-yold Finnish boys and girls. This study makes a contribution to the obesity literature in examining the association of playing digital games and overweight separately from viewing television, and a unique contribution in exploring the relationship between computer use and overweight.
Methods
The data were collected as part of a nationwide monitoring system of adolescent health and health behaviors, the Adolescent Health and Lifestyle Survey (AHLS). The ethical committee of the Department of Public Health at the University of Helsinki accepted the study protocol. Selfadministered questionnaires were mailed in February 2001 to nationally representative samples of 14-, 16-, and 18-y-old Finns with two reinquiries to non-respondents. The samples were obtained from the Population Register Center based on given dates of birth, so that all adolescents born on the sample days were included. The mean ages of respondents were 14.6, 16.6, and 18.6 y. The purpose of the study was explained on the cover page, and responding to the questionnaire was voluntary. The number of respondents was 6515, and the response rate 70%. The response rate decreased with age, especially among boys.
The adolescents were asked to fill in the questionnaire their height in centimeters and weight in kilograms. Of the data set, 225 (3.5%) were excluded from all analyses because of missing height and/or weight values. The body mass index (BMI) for each adolescent was calculated by dividing weight in kilograms by the square of height in meters (kg/m 2 ). Overweight and obesity were determined according to the international cut off points for BMI, based on percentile curves defined to pass through the BMI of 25 Additionally, analyses were performed using the sex-and age-specific 85th and 95th percentile cut off points for BMI derived from the 2000 CDC growth charts (the US) as criteria for overweight and obesity, respectively. 31 Because using the CDC criteria had no effect on the results, only results obtained by applying the criteria by Cole et al are reported.
The adolescents were also asked about the average times per day that they spend on viewing television (video inclusive), playing digital games, (video, computer and console games), and using computer (for e-mail, writing and surfing). The alternatives for the response were 'not at all', 'occasionally', 'less than an hour', '1-3 h', '4-5 h' and 'more than 5 h'. Throughout the remainder of this report, information and communication technology (ICT) refers to television, digital games and computer together.
In girls, timing of biological maturation was determined by the reported age at the first menstruation, and categorized into early (before the age of 12 y), middle (at 12-13 y) and late (at 14 y or older) maturation. Analogously, timing of maturation in boys was determined by the reported age at the first ejaculation, and categorized into early (before the age of 13 y), middle (at 13-14 y) and late (at 15 y or older) maturation. Intensity of weekly physical activity was formed by combining the information obtained from the variables measuring the frequency (o1/1/2-3/43 times a week) of organized (by sports clubs) and unorganized (other leisure time) physical activity, and the perceived intensity of physical activity (being out of breath and sweating; none/ little/some/plenty). Low intensity of weekly physical activity represents light or no exercise, middle intensity occasional vigorous exercise and high intensity vigorous or very active vigorous exercise. Father's or guardian's highest attained level of education was used to measure the family's socio economic status (basic/secondary/tertiary, corresponding to less than 10 y, 10-11 and 12 y or more of education).
Use of self-reported data
To study the reproducibility of the self-reported data, the test-retest reliabilities for times spent on viewing television, playing games and using computer were investigated. A sub ICT use, overweight and obesity in adolescence S Kautiainen et al sample (N ¼ 400) of 14-y-olds was selected from the original subject series by systematic sampling (every 5th subject, the first one was picked up randomly). Of these adolescents, 254 (response rate 64%) responded to the first questionnaire. When a second, identical questionnaire was mailed to them 4 weeks after receipt of their first response, of the 254 adolescents, 97% responded to the repeat questionnaire. The Cohen's kappa coefficients were 0.56 for time spent on viewing television, 0.65 for time spent on playing games and 0.58 for time spent on using computer. These values may be considered to represent a fair to good agreement beyond chance between the two questionnaires. 32 The results of a repeatability study concerning weight and height in the AHLS 1993, 1995 and 1997 data sets have been published previously, 33 with the conclusion that the self-reported height and weight measurements are repeatable given the 4-7 week lag in the responses. Likewise, the repeatabilities of data on the father's or guardian's educational level, and the age at first menstruation or ejaculation in the AHLS have been reported previously 34, 35 and can be regarded as good. 32 
Statistical analyses
The time spent on viewing television was recoded into three categories (less than an hour, 1-3 h, 4 h or more daily).
Owing to small numbers, times spent on playing games and using computer were dichotomized (less than an hour, an hour or more per day). On account of the relatively small number of obese adolescents, only overweight (obesity inclusive) was used as an outcome in the analysis. Subjects with missing values were excluded. The results from the repeatability study were tested statistically by Cohen's kappa coefficient. The equality of means of the BMI between those who responded to the actual questionnaire, or to the first or second reinquiry, was tested by the ANOVA, and that of the percentages of overweight by the Pearson's w 2 test, respectively.
The distributions of times spent on viewing television, playing games and using computer between age groups and between each other were evaluated by cross tabulation and Pearson's w 2 test. The Cochrane-Armitage trend test was used to determine whether there was a linear trend in the prevalence of overweight according to the time spent on viewing television. The Pearson's w 2 test was used to determine whether the prevalence of overweight was associated with the time spent on playing games, or using computer.
The relations of the times spent on viewing television, playing games and using computer to overweight were evaluated further using multiple logistic regression analysis. In order to control for potential confounding, the analyses were adjusted for the timing of biological maturation, intensity of weekly physical activity and father's or guardian's education. Both age and sex interactions were tested by comparing the À2 log likelihood of models with and without the respective interaction term. All sex interactions were statistically significant (Po0.01 or o0.001), and, consequently, all models were run separately for boys and girls. However, as no age interactions were found, the models were adjusted for age. The final models for the relationships between each modality of ICT and overweight were adjusted for the other two modalities of ICT as well. Odds ratios (OR) with 95% confidence intervals (CIs) were calculated for each model. Two-sided P-value o0.05 was considered as statistically significant. The SAS System for Windows (Release 8.02) software was used for the logistic regression analyses, and SPSS for Windows (Release 11.0.1.) and StatXact 4 for Windows for the other analyses.
Results
Of the adolescents, 14.5% were overweight and 2.7% obese ( Figure 1 ). The prevalence of overweight was higher in boys than in girls in all age groups (Po0.001), as was the prevalence of obesity among 14-(P ¼ 0.004) and 16-y-olds (P ¼ 0.013). The differences in overweight or obesity by age were not statistically significant in either sex. The background characteristics of the study sample are presented in Table 1 .
The time spent on viewing television was similar in boys and girls, whereas boys spent more time on playing games and using computer than girls (Table 2) . At age 14 y, both boys and girls spent somewhat more time on television viewing than in the older age groups. The time spent on playing games differed by age in both sexes. The pattern of the time spent on using computer by age was more varying, compared to times spent on the other modalities of ICT (Table 2) . Times spent on viewing television, playing games and using computer were all positively associated with each other, although the association between time spent on viewing television and time spent on using computer was not statistically significant in boys (data not shown). Of all adolescents, 17.2% responded spending daily less than 1 h on any one form of ICT. Only 0.2% of adolescents responded spending 4 h or more on each and every modality.
Those with missing information on BMI did not differ from those with BMI information regarding the time spent on viewing television, playing games or using computer. Likewise, no difference in the proportion of overweight was observed between adolescents with and adolescents without information with regard to television viewing, game playing or computer usage. Further, there were no differences in the mean BMI or in the prevalence of overweight between adolescents responding to the actual questionnaire and those responding to the first or the second reinquiry.
Association between time spent on viewing television and overweight There was a statistically significant trend between the increased time spent on viewing television and the pre-ICT use, overweight and obesity in adolescence S Kautiainen et al valence of overweight among boys and girls (Table 3) . When analyzed by sex and age, the association was observed in girls in all the age groups, but in boys only in the 16-y-olds.
Results of the uni-and multivariate logistic regression analyses are presented in Figure 2 . When adjusted for the background factors, together with age, a statistically significant positive association remained between time spent on viewing television and overweight among girls. Compared to girls viewing television less than an hour daily, the OR for overweight was 1.39 (95% CI 1.04-1.87) in girls viewing television 1-3 h per day, and 1.98 (95% CI 1.35-2.92) in girls viewing television 4 h or more. In boys, the respective ORs ratios were 1.05 (95% CI 0.81-1.36) and 1.27 (95% CI 0.89-1.82). An additional adjustment for the time spent on playing digital games and/or using computer had no effect on the ORs (data not shown).
When analyzed by sex and age, viewing television for at least 4 h per day was positively associated with overweight in all age groups in girls (OR 1.93, 95% CI 1.09-3.42 in 14-; OR 2.91, 95% CI 1.40-6.04 in 16-; and OR 2.13, 95% CI 1.09-4.14 in 18-y-olds), and also in 16-y-old boys (OR 2.05, 95% CI 1.12-3.73). The adjustment for the timing of biological maturation, intensity of weekly physical activity and socio economic status attenuated the associations to the effect that statistical significance disappeared in the ORs for viewing television for 4 h or more in 14-(OR ¼ 1.70, 95% CI 0.95-3.05) and 18-y-old girls (OR ¼ 1.58, 95% CI 0.78-3.23).
Association between time spent on playing digital games and overweight The time spent on playing games was generally not related to the prevalence of overweight (Table 3) . Results of the uniand multivariate logistic regression analyses are presented in Figure 2 . When adjusted for the background factors, as well as for age, time spent on playing games had no statistically significant associations with overweight in either sex (boys: OR 0.89, 95% CI 0.71-1.11, girls: OR 1.26, 95% CI 0.78-2.02). An additional adjustment for the time spent on viewing television and/or using computer had no effect on the ORs (data not shown).
When analyzed by sex and age, a statistically significant positive association was observed between time spent on playing games and overweight in 18-y-old girls (OR 2.64, 95% CI 1.09-6.38). The adjustment for the timing of biological maturation, intensity of weekly physical activity and socio economic status attenuated the associations to the effect that statistical significance disappeared in the ORs for playing games for an hour or more daily in 18-y-old girls (OR ¼ 1.98, 95% CI 0.75-5.23). The wideness of the CIs was affected by the small numbers in some cells due to the adjustment for several background factors.
Association between time spent on using computer and overweight A statistically significant association between the increased time spent on using computer and the higher prevalence of overweight appeared in girls but not in boys (Table 3) . When analyzed by sex and age, the association was statistically significant in 16-y-old girls only.
Results of the uni-and multivariate logistic regression analyses are presented in Figure 2 . When adjusted for the ICT use, overweight and obesity in adolescence S Kautiainen et al background factors, as well as for age, time spent on using computer was positively associated with overweight among girls, the OR for overweight being 1.48 (95% CI 1.07-2.03) in girls using computer for an hour or more per day compared to girls using computer for less than an hour per day. In boys, the respective odds ratio was 1.27 (95% CI 0.98-1.64). An additional adjustment for the time spent on viewing television and/or playing digital games had no effect on the ORs ratios (data not shown).
When analyzed by sex and age, a statistically significant positive association was observed between time spent on using computer and overweight in 16-y-old girls (OR 2.01, 95% CI 1.20-3.38).
Discussion
Based on a large nationwide survey material, we investigated the association of overweight separately with three forms of Table 3 Prevalence (%) and number (n) of overweight by sex and age among Finnish adolescents of the AHLS study in 2001 according to time spent daily (hours) on watching television, playing digital games (video, computer and console games) and using computer (for e-mail, writing and surfing)
Boys, age (y) Girls, age (y) ICT use, overweight and obesity in adolescence S Kautiainen et al information and communication technology usage, namely, viewing television, playing digital games (video, computer and console games) and using computers (for e-mail, writing and surfing). The last two have been, and still are, rapidly increasing among the youth. Our main finding was that an increased time spent on viewing television was positively associated with overweight in girls and in 16-y-old boys, as was using computer among girls. Playing digital games was not associated with overweight.
Comparison to previous studies Several previous studies have examined the same age groups as our study, [11] [12] [13] [14] [15] [16] [17] [26] [27] [28] 36 some of them with a longitudinal study design, 11, 28 Sex-specific findings should be interpreted with caution as they may also partly reflect differences in the study methods. For example, using the same data set, Crespo et al 25 concluded that time spent on television viewing was positively associated with obesity among girls only, while Andersen et al 12 had found a positive relation in both sexes.
The difference in the conclusions may reflect differences in the adjustments made for potential confounding factors in these two studies. The sex-dependent results are, however, intriguing. Quoting Tanasescu et al, 'there are sound theoretical reasons for expecting differences in the biological and behavioral mechanisms underlying obesity in boys and girls', which deserves to be considered when designing future studies of childhood obesity. 37 In one intervention study, the finding that obesity decreased among girls but not among boys 38 likewise suggests that the mechanisms underlying obesity may be sex-dependent. Previous studies have generally not performed age-specific analyses for such narrow age groups as in the present study. When analyzed by sex and age, statistically significant associations between time spent on viewing television (or using computer) and overweight were limited to 16-y-old girls, perhaps owing to a lack of statistical power as the numbers of study subjects get smaller. On the other hand, when split by age, a positive association emerged between the increased time spent on viewing television and overweight in 16-y-old boys as well. This raises the question whether the age groups are really different from each other in this respect. However, there was no interaction between age and time spent on viewing television in either sex.
We discovered no relation between time spent on playing digital games and overweight. This finding was generally corroborated by other studies, covering age groups comparable to ours and exploring game playing separately of television viewing. 15, 22, 27 Nevertheless, the only European study, exploring the use of electronic games separately of television viewing among Swiss children (median age 8 y), found a positive association with overweight after adjusting for several potential confounders. 39 Although the total number of respondents in the present study was large, the number of girls playing digital games for an hour or more daily was small, which may explain why no association between overweight and this specific form of ICT was observable in girls.
In the present study, the time spent on using computer was positively associated with overweight among girls. Again, when divided by age, the association was statistically significant among 16-y-old girls but not in boys or the other age groups. To our knowledge, no previous reports on the relation of computer use to overweight among adolescents of ICT use, overweight and obesity in adolescence S Kautiainen et al the same age as in the present study exist, except those concerning computer game playing. 15, 22, 27 However, the times spent on using computer and playing video games combined were associated neither with the BMI or percent fat in 11-to 13-y-old US schoolchildren, 40 nor with the BMI z-score or overweight/obesity in 5-to 13-y-old Australian children. 41 In a study of 1-to 12-y-old US children, computer use (non game) was not related to BMI in the whole sample, but a curvilinear relationship was observed in children aged 9-12 y (those with lower weight status spent moderate amounts of time using computer, while those with higher weight status used the computer either very little or a lot). 42 Given the difficulties in measuring accurately the day-today varying time of viewing televisionFand, correspondingly, playing digital games and using computerFthe variation in the results between different studies may be partly explained by measurement errors in the ICT variables. Moreover, the reported studies vary, for example, in adjustments made for the potential confounders, geographical areas, age and ethnic groups, seasonal timing, sample sizes and statistical methods used. Maturity-associated variation in the body size and composition, or varying follow-up times in cohort studies may also affect the results. In addition, since the vast majority of the studies on the relation of television viewing and obesity focus on American children and adolescents, caution is needed when generalizing the results to other populations. For example, 25% of US boys and 22% of girls aged 14-18 y spent at least 4 h daily on viewing television, 13 whereas the respective proportions in the present study of Finnish adolescents were 13 and 12%. Another difference is that, unlike in Finland, there are several large ethnic groups in the USA, which should be taken into account in the analysis. However, in some US studies, the association between television viewing and overweight has been particularly noticeable among nonHispanic whites (and Hispanic women). 21, 24, 27 Potential mechanisms Although several studies have suggested that television viewing is associated with overweight, little is known about the mechanism between them. Two primary mechanisms proposed to affect a person during television viewing are: a decreased energy expenditure replacing more physically active behaviors 11, 13, 18, 24 and an increased energy intake as a result of food advertising, 11, 43, 44 or eating or betweenmeal snacking. 11, 44, 45 In contrast, there are studies that do not support these theories. 15, 19, 21, 25, 28, 46 As a third mechanism, a lowering effect of television viewing on the metabolic rate has been suggested in one study 47 only to be contradicted in another. 48 Finally, being overweight may lead to increased television viewing, which should be remembered, especially when considering the results of a cross-sectional study. It may well be that there are causal mechanisms working in both directions.
So far, the hypotheses presented about the effects of digital games or computers on obesity have been based on the speculative similarity of the various forms of ICT as sedentary behaviors, which may serve to displace engagement in more strenuous activities. 10 However, playing digital games or using computers may differ from television viewing, for example, in their effects on physical activity or eating habits. In one study, video game playing was inversely correlated with physical activity, 46 while two other studies found video game playing to increase energy expenditure to a level approximating a mild-intensity exercise. 49, 50 According to a study on adolescents in Hong Kong, computer users displayed more frequent physical exercise habits than non users. Among male users, rather than the time spent on computers, it was the patterns of computer usage that were related to lifestyle: playing games tended more frequently to lead to a more sedentary lifestyle, and the other domains to a physically more active lifestyle.
51
Weaknesses and strengths of the present study All data used in the present study were self-reported by the respondents. There is a possibility that overweight adolescents under-reporting their weight 52-54 may either overreport or under-report the time spent on various forms of ICT, 17 which would lead to a bias caused by non random misclassification. The repeatability of the data was fairly good. However, in the absence of validated measures, any conclusions must be drawn with caution.
Considering that the response rate in the present study was lower in boys than in girls, we cannot fully exclude the possibility that there existed more non response related to obesity in boys, which might lead to a bias hiding an association between ICT usage and overweight. However, neither the BMI nor the prevalence of overweight differed between those responding to the actual questionnaire and those responding to a re-enquiry, which may indicate that the non responders would not be different from the responders.
Weekdays and weekend days were not differentiated in the questionnaire, which is another potential source of misclassification of the time spent on ICT use. It is possible that some respondents have thought more about weekdays, while the others have concentrated on the weekends. We have no special reason to believe that this would be related to the overweight status of the respondents (non random misclassification). We acknowledge, however, the possibility of random misclassification, which generally biases the results towards unity.
In the Nordic countries, as well as in the US, a 'digital divide' by socio economic status exists in the computer use and access, determined either by education or income. [55] [56] [57] We were able to adjust partially for these differences by taking the father's or guardian's educational level into account in the analyses. Using the mother's educational level, instead of the father's, produced virtually identical ICT use, overweight and obesity in adolescence S Kautiainen et al results. However, there may be residual confounding, as we had no information on the household income.
Another limitation in our study is that the study design is cross sectional and does not permit distinguishing whether high levels of ICT usage lead to overweight, or vice versa. The numbers of adolescents spending substantial time with games or computers are still quite small. Thus, we had to assess the times spent on playing games and using computer by using dichotomized (o1 vs Z1 h/day) measures, which may not have been adequately sensitive in detecting the possible relations between overweight and the time spent on playing games or using computer.
Despite these limitations, this study extends the perspective of research on the environmental factors associated with overweight. The main novelty of this study is that we were able to explore the times spent on television, digital games, and especially computer, separately. Although the need for any further cross-sectional studies on the matter of television vs obesity has been questioned, 58 the current evidence is not entirely conclusive and is being based mainly on the studies of one population. Even more importantly, very little knowledge on associations between playing digital games, and on using computer in particular, and overweight exists to date. Further, playing digital games and using computer have been increasing rapidly, and keep widening and reaching new population groups, which might change the relationships between ICT usage and overweight. We were able to adjust partially the analyses for several potential confounders: timing of biological maturation, socio economic status and physical activity, which is presently considered to have independent and different effects on obesity when compared with inactivity. 59 The Adolescent Health and Lifestyle Survey is a nationally representative survey with more than 6500 respondents in 2001, and, in international comparison, the 70% response rate appears good.
Conclusions
The present study indicated that overweight was associated with using ICT, but only with certain forms of ICT: the increased time spent on viewing television or using computer was positively associated with being overweight. As this result was, however, generally observable only among girls, a question rises about the different behaviors and/or biological characteristics between sexes concerning the relations between ICT and overweight. The ORs were relatively small, but as the various forms of ICT are already common hobbies among adolescents, with ever widening popularity, they may well prove significant at the population level. Further, the increased use of ICT might thus be one factor explaining the secular trend in the prevalence of overweight and obesity, at least in girls. The time spent on playing digital games, on the other hand, was not statistically associated with overweight in the present study. Indeed, in respect of overweight in adolescence, playing games might be both quantitatively and qualitatively different from television viewing. With the development of new digital games necessitating a higher physical activity from players (eg games using mats or connected to cameras, played by dancing and other body movements), we may be entering a new era where replacing television time with interactive (more active) media might be favorable concerning obesity.
